The mass chromatographic fingerprints of the water extracts of Atractylodes rhizome and Atractylodes lancea rhizome were analyzed by LC-MS. Three new acylsucrose derivatives [2,6,3′,6′-tetra(3-methylbutanoyl)sucrose (1), 2,4,3′,6′-tetra(3methylbutanoyl)sucrose (2), and a mixture of 3′,4′,6′-tris(3-methylbutanoyl)-1'-(2-methylbutanoyl)sucrose and 1′,3′,4′,6′tetra(3-methylbutanoyl)sucrose (6)), along with three known acylsucroses (2,6,3′,4′-tetra(3-methylbutanoyl)sucrose (3), 2,4,3′,4′-tetra(3-methylbutanoyl)sucrose (4) and a mixture of 2,3′,6′-tris(3-methylbutanoyl)-1'-(2-methylbutanoyl)sucrose and 2,1′,3′,6′-tetra(3-methylbutanoyl)sucrose (5)] were isolated as the marker compounds of Atractylodes rhizome and Atractylodes lancea rhizome. The structures of the compounds were elucidated by MS/MS analyses and NMR experiments.
The rhizome of the Atractylodes plant (Compositate) has been used as an important crude drug in many Asian countries. In the Japanese Pharmacopoeia, Atractylodes lancea rhizome ("So-jyutu" in Japanese) is defined as the dried rhizomes of A. lancea or A. chinensis, and Atractylodes rhizome ("Byaku-jyutu" in Japanese) as the dried rhizomes of A. ovata or A. japonica [1] . A. lancea rhizome has been used as a diuretic, stomachic and diaphoretic, while Atractylodes rhizome is used as a diuretic, stomachic and anhidrotic [2] . These two crude drugs have been used for different purposes and prescribed discriminately depending on the traditional Japanese medicinal ("Kampo" medicine) formulation. Several studies on the differences in the non-polar constituents of Atractylodes lancea rhizome and Atractylodes rhizome have been reported. Regarding the volatile constituents, it is well known that A. lancea rhizome contains β-eudesmol and hinesol as major constituents, and Atractylodes rhizome atractylon [1] . Kitajima et al. have reported the differences in the content of sesquiterpenoid glycosides, monoterpenoid glycosides, aromatic glycosides and acetylene glycosides in the water portion of the methanol extracts of A. lancea, A. ovata and A. japonica [3] [4] [5] .
In Kampo medicine, however, usually it is the water extracts that are prepared and administered for the cure of physical disorders. Therefore, the differences in chemical constituents of the water extracts are particularly relevant to the properties of the crude drugs. In this paper, a comparison of the LC-MS chromatographic fingerprints of the water extract of A. lancea rhizome and Atractylodes rhizome are reported, as well as the structure elucidation of 6 marker compounds [three new acylsucrose derivatives (2,6,3′,6′-tetra(3-methylbutanoyl)sucrose (1), 2,4,3′,6′-tetra3-methylbutanoyl)sucrose (2) , and mixture of 3′,4′,6′-tris(3-methylbutanoyl)-1'-(2methylbutanoyl)sucrose and 1′,3′,4′,6′-tetra(3methylbutanoyl)sucrose (6)), along with three known acylsucroses (2,6,3′,4′-tetra(3-methylbutanoyl)sucrose (3), 2,4,3′,4′-tetra(3-methylbutanoyl)sucrose (4) and mixture of 2,3′,6′-tris(3-methylbutanoyl)-1'-(2-methylbutanoyl)sucrose and 2,1′,3′,6′-tetra(3methylbutanoyl)sucrose (5)]. In Figure 1 , mass chromatographic fingerprints of water extracts of Atractylodes rhizome and A. lanceae rhizome are shown. The two chromatograms show characteristic differences in their peak patterns at 25-28 min retention time and the differences were observed with high reproducibility in the different lots of extracts. The six compounds, which showed remarkable differences in concentration (compounds 1 to 6, figure 1), were isolated by repeated column chromatography and preparative TLC. Detailed analysis of NMR spectroscopic data revealed that compounds 5 and 6 were a mixture of two congeners with different distributions of acyl residues, and the compounds could not be separated. Therefore, the structures of compounds 5 and 6 were elucidated as a mixture. Treatment with methanolic KOH of compounds 1 to 4 provided a sugar and isovaleric acid; treatment of compounds 5 and 6 provided a sugar and a mixture of isovaleric acid and 2-methyl butylic acid. Intensive interpretation of the 1 H-and 13 C-NMR spectroscopic data of the 6 compounds in accordance with the HMQC experiments demonstrated the presence of seven oxymethine, three oxymethylene, one acetal tertiary and one quaternary carbons, and carbonyl carbons (4 carbonyl carbon signals for compounds 1 to 4, 4 strong carbonyl carbon signals and 1 weak carbonyl carbon signal for compounds 5 and 6). In the H-H COSY spectra of the six compounds, two partial structures of sucrose were observed, one of which corresponds to C-1 to C-6 and the other to a portion from C-3′ to C-6′. In addition, the two partial structures could be connected by long-range C-H correlation between 1-H and C-2′ in the HMBC spectra. All proton and carbon signals of the sucrose moiety were assigned completely with the aid of the H-H COSY, HMQC, HMBC and J-resolved spectra (Tables 1 and 2 ). The positions of acylated hydroxyl groups of the compounds were identified by the long-range correlation between acyl carbonyl carbons and oxymethine or oxymethylene protons. From these results, the structures of the compounds were clarified, as shown in Figure 3 . Pulverized crude drug samples (45 g) were extracted with 500 mL of water under reflux conditions for 2 h. After filtration, the decoction was freeze dried to give an extract (ca. 20 g). The samples were dissolved in 50% methanol at a concentration of 10 mg/mL. The solution was filtrated through a 0.2 μm Millipore filter unit (Advantec, Japan), and 1 μL of the filtrate was injected into an LC-MS system for analysis.
Standard samples and reagents:
All standard compounds were purchased from Wako Chemical Co. Ltd. (Osaka, Japan). Other chemicals were of analytical grade, and chromatographic solvents were of HPLC grade.
Analytical instruments: LC-MS analyses were performed with a Shimadzu LC-IT-TOF mass spectrometer equipped with an ESI interface. The ESI parameters were as follows: source voltage +4.5 kV (positive mode) and -3.5 kV (negative mode), capillary temperature 200°C, nebulizer gas 1.5 L/min.
The mass spectrometer was operated in both positive and negative ion modes scanning from m/z 100 to 2000. A Waters Atrantis T 3 column (2.1 mm i.d. x 150 mm) was used and the column temperature was maintained at 40°C. The mobile phase was a binary eluent of (A) 5 mM ammonium acetate solution, (B) CH 3 CN under the following gradient conditions: 0-30 min linear gradient from 10% to 100% B, 30-40 min isocratic at 100% B. The flow rate was 0.2 mL/min. In MS/MS analysis, the mass spectrometer was set to survey ions in the range m/z 100-2000 and to subject the most abundant ions in the scan to MS/MS analysis, automatically. NMR spectra were recorded in pyridine-d 5 using a JEOL Lambda 400 NMR spectrometer.
Isolation and identification of acylsucrose derivatives:
Water extracts of Atractylodes rhizome or A. lanceae rhizome were partitioned with ethyl acetate and water. The ethyl acetate portions were separated successively by silica gel column chromatography and thin layer chromatography (solvent; CH 3 OH: CHCl 3 1:9 or ethyl acetate: n-hexane 7:3). Compounds 3, 4 and a mixture of compounds 1 and 2 were obtained from the extract of Atractylodes rhizome, while compounds 5 (atractysucrose III) and 6 were isolated from the extract of A. lanceae rhizome. The purities of isolated compounds were confirmed by LC-MS analysis (>98%). The structures of respective compounds were identified by the detailed analysis of spectroscopic data and comparison of the data with those reported [6, 7] .
